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causes negative output effects, implying an overinvestment. However, transport infrastructures in East Germany have a positive impact. Contrarily, human capital causes larger output effects in West German than in East German states. An area-wide fostering of infrastructure projects would be futile, because the expansion of infrastructure reveals different output effects depending on the different regions and the forms of infrastructure.
Infrastructure and Economic Output: A Theoretical and Empirical Overview
In the relevant theoretical literature, we fi nd that output is produced combining the input factors labour, human capital, private capital and public (infrastructure) capital. Input factors and total factor productivity are combined to produce the total level of domestic production. Output effects can be caused directly or indirectly. An enlargement of the infrastructure capital stock (also personnel infrastructures) directly increases the productivity of the other factors. The capital stock is used in private production as an unpaid input which raises productivity and reduces production costs. Furthermore, infrastructure investments directly raise employment and production levels in infrastructure-related industries. Firms which sell materials and supplies benefi t indirectly from the increasing output. The sum of initiated demand effects can unfold positive output effects for the whole economy. Moreover, transport infrastructures help to interconnect economically weak regions with fast growing agglomeration areas and therefore enable perfect factor allocation and knowledge spillovers which induce positive effects for the peripheral regions. 2 In response to the current economic crisis, the German federal government established a 50 billion euro economic stimulus package which is meant to stimulate economic growth by means of investments in schools, streets and communication infrastructures. Political decision-makers expect a positive impact from infrastructural investments. These infrastructures are not only of a physical nature, such as transport infrastructures, but are also in the form of social overhead capital (i.e. intellectual, entrepreneurial and technical abilities) which can be classifi ed as personnel infrastructure. 1 The effectiveness of the economic stimulus package depends on the particular measures and their impact on output. Varying forms of infrastructure investment differ with regard to their contribution to output, and the region in which the investment occurs is also an important variable. For this reason, this study deals with the output effects of investment in different types of infrastructure at the federal state level in Germany.
For the purpose of an optimal allocation of resources, economic policymakers must principally be aware of:
• which type of infrastructure will produce the largest output effects
• whether personnel infrastructures (i.e. human capital) contribute more to economic growth than physical infrastructures
• whether the infrastructure endowment of East Germany causes larger output effects than in West Germany.
The results of the analysis indicate that overall investment in transport infrastructure (throughout all states)
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Output Effects of Infrastructures in East and West German States
With respect to the recently ratifi ed economic stimulus package in Germany, it is fundamentally important to observe whether the expansion of physical infrastructure will further contribute to economic growth. This paper presents a way to address the problem of endogeneity using panel data on 16 federal states in Germany and by estimating a panel vector autoregression model for the period from 1993 to 2006. The analysis offers practical benefi ts for economic policy, indicating that both human capital and transport infrastructures cause heterogeneous output effects in East and West Germany.
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• the total output effect of human capital should be positive over all states because qualifi ed workers are in high demand;
• the positive output effect should be larger for East German states as a result of the lower endowment.
During the 1990s, a variety of studies were related to the estimation of marginal output and cost elasticities of public infrastructures in Germany using different estimation techniques. Building on Aschauer's approach 6 , the growth effects of infrastructure capital were actively debated, at fi rst in the USA 7 and later also in Germany. 8 Initial studies overestimated marginal output and growth effects of nonmilitary capital due to the fact that the problem of reverse causality was not addressed. More sophisticated estimation techniques indicate smaller or even insignifi cant output effects. Pfähler, Hofmann and Bönte 9 give an overview of the estimated output elasticities of public capital for specifi c kinds of physical infrastructure. The productivity effects of investment in university education and science are given by Pfähler, Clermont and Hofmann. 10 There seems to be no agreement in the most recent works about the actual size of the output effects of transport or education infrastructures. Furthermore, it is still ambiguous whether there is an effective transfer from infrastructure endowment to economic output or if reverse causal-Personnel infrastructure is just another expression for the human capital of an economy. In societies like Germany which are based on the division of labour, human capital is of great importance. Skilled workers and research and development are required more than ever in Germany. Endogenous growth theory reveals human capital to be one of the essential components of technological progress, which itself fosters economic growth. 3 The allocation of human capital leads to the diffusion of innovative ideas and production techniques among economic sectors. The relationship between personnel and physical infrastructures is predominantly limitational, which means that shortages in the endowment of one type of infrastructure cannot be compensated for by the other type. 4 Furthermore, over-investments in infrastructure capital are also not useful, due to the fact that scarce resources are tied up and cannot be used in more efficient production possibilities. An optimal disposition of infrastructure capital takes place if private sector profi ts, created by infrastructure supply, equal the costs of this infrastructure supply.
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As a basis for this analysis, decreasing rates of return of infrastructure endowment are assumed, i.e. high infrastructure endowment levels would lead to relatively smaller output effects than low infrastructure endowment levels. The effect can even become negative if there is an over-endowment, meaning that resources are wasted in futile dispositions because further expansions of the endowment level will necessarily detract scarce resources from benefi cial applications. Bearing this in mind, it is expected that:
• the output effects of Germany's infrastructure are low because the infrastructure capacity is relatively large, as compared to other countries;
• the effects are larger in East German states due to the present infrastructure gap;
• education infrastructure investment will exert lower effects in East German states because of the higher endowment levels in these states;
Infrastructure tures represent a large share of the total stock of physical infrastructures in the German economy. According to the German Federal Ministry of Transport, Building and Urban Affairs, the share of gross fi xed assets in the transport sector (€905 billion) accounted for 15.5% of all economic sectors' assets.
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Likewise, education infrastructures cover a substantial proportion of the entire infrastructure capital stock of the German economy. In 2008 gross fi xed capital formation to the amount of €8.3 billion was allocated to the educational sector, which represents 22% of total investment (€38 billion).
Education infrastructure data should not comprise qualitative elements when addressing the pure effect of physical infrastructures. For this reason, the number of school classes per 1000 pupils at general educational schools was chosen as the indicator for education infrastructure.
In this analysis, two variables -patent applications per 100,000 inhabitants 14 and share of high school graduates in the coeval resident population -were applied to map the stock of human capital. The variables' values vary immensely between the East and West German states.
To control for other factors affecting the output, further variables were employed, namely the capital stock of the manufacturing sector in euros, the unemployment rate, public consumption per inhabitant, as well as dummies for time periods and a regional dummy for the entirety of the East German states.
The capital stock comprises the annual average of gross fi xed assets (base year: 2000). The capital stock was weighted by the modernity rate to depict the real productive capacity. The modernity rate describes the share of the capital stock that is not depreciated yet by putting net fi xed assets in relation to gross fi xed assets.
Labour, as a further factor of production, is integrated within the model and represented by the rate of unemployment. A negative effect on output is expected because the rate of unemployment will rise in times of economic contraction, leading to decreasing per capita outputs. Furthermore, structural problems such as a mismatch between the supplied and required qualifi cations 13 Bundesministerium für Verkehr, Bau und Stadtentwicklung (BMVBS):
Verkehr in Zahlen, Hamburg 2008. 14 As in W. E g g e r t , M. v o n E h r l i c h , R. F e n g e , G. K ö n i g : Konvergenz-und Wachstumseffekte der europäischen Regionalpolitik in Deutschland, in: Perspektiven der Wirtschaftspolitik, Vol. ity is present, i.e. that a higher per capita output leads to a greater infrastructural endowment.
Many authors focus on the effect of total public capital without distinguishing between different types of infrastructures. 11 Another unresolved question is whether output effects differ between East and West German states. To the best of our knowledge, there is no study on infrastructure output effects at the federal state level thus far.
Database and Infrastructure Endowment in East and West German States
As described above, the output effects of infrastructures strongly depend on the economy's endowment level. The quality and quantity of infrastructure capital stocks in the transport, education, energy, communication as well as water and waste management sectors should be employed to portray the total amount of physical infrastructures. The personnel infrastructure or human capital consists of the population's mental, entrepreneurial and professional skills and can be depicted by a number of qualitative indicators such as the number of patent applications or high school graduates.
The selected variables of the estimated model were in part subject to constraints in the availability of data. First, the exactness of data from the years 1991-1993 must be regarded with caution, because much of the East German economic data had to be newly estimated shortly after German reunifi cation due to the fact that data sources in the former GDR were unreliable. Second, many preferable variables are not reported at the state level (e.g. monetary infrastructure capital stocks covering power generation, communication networks and water and waste management infrastructures). Unfortunately, personal calculations of the infrastructure capital stock at the state level were unworkable due to the uncertainty or unavailability of data.
Physical infrastructures were captured approximately by using data from transport areas (roads, freeways, navigable rivers and canals) and education infrastructures (school classes).
12 The transport infrastructure level was measured by the log of transport areas in kilometres per 1000 square km of state territory. Transport infrastruc-11 As in R. J o n g -A -P i n , J. d e H a a n : Time-varying impact of public capital on output: New evidence based on VARs for OECD countries, in: EIB Papers, Vol. Infrastructure fer solely to personnel and productive physical infrastructures but also to other infrastructures, such as residential buildings. However, Figure 1 shows that the East German states have caught up with the four fi nancially weak West German states. The gap in net fi xed assets decreased from 50% to 15% over time.
Differences in the endowment of transport areas and education infrastructures are presented in Figures 2 and 3. The newly formed German states (excluding Berlin) showed a rising level of transport areas until 1996 and thereafter a constant level of 570 km per 1000 sq. km of total land area. Similarly, the amount of transport areas in the West German states has also barely changed. However, the number there (around 770 km) is considerably higher than in the newly formed states. Roads and highways account for 90% of all transport areas in the observed states. 17 The increasing supply of transport infrastructure in the East German states was caused mainly by the expansion of motorways, whereas other roads only experienced modernisation. The quality of transport infrastructure is not considered in the data.
The supply of education infrastructure as measured by the number of classes indicates different results. Schools provide the conditions for productivity effects of the education system to pay off after a considerable number of years. For historical reasons, the East German school system is not comparable to the school system of the 17 Statistisches Bundesamt: Berichtsmodul Verkehr und Umwelt, in:
Beiträge zu den Umweltökonomischen Gesamtrechnungen, Vol. 14, Wiesbaden 2004, p. 22.
of workers can lead to the production potential not being fully exhausted.
Final public consumption expenditure per capita was included in the model to control for the output effects of the public sector. Ganelli and Tervala fi nd evidence for positive welfare effects if expenditure on the infrastructure capital stock is raised to the detriment of expenditure on public consumption.
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Year dummies were added to control for time effects such as economic cycles or election years. The regional dummy equals one in the case of East German states and helps to eliminate structural differences between East and West German states if those effects are not covered by the explaining variables. Structural differences can be traced back to the consequences of the transformation process or to cultural diversity, for example.
The German states show varying levels of infrastructure endowment per inhabitant. To calculate the measure of the infrastructure gap, net average fi xed assets per capita in the four fi nancially weak states of West Germany (Lower Saxony, Rhineland-Palatinate, Saarland and Schleswig-Holstein) were compared to the assets of the East German states. 16 Here, the infrastructure gap does not re- 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7 Transport area in km per 1000 sq. km.
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Infrastructure ing share of graduates who qualify for entry into higher education.
Empirical Design
A special characteristic of the employed data is that there is no unidirectional effect between explanatory and dependent variables. Reverse causality prompts inconsistent OLS estimators, and coeffi cients might be overestimated.
Another special characteristic in the data is that some variables may have a delayed impact on the output of the West German states. The latter is a three-part system and consists of secondary modern schools, junior high schools and academic high schools. The former is a binominal consolidated school system where students are spread out over fewer school forms, which means that in the case of a decreasing number of pupils, schools can be maintained more easily. As a result, there are more school classes there than in the West German states, where the number of classes is decreasing. East German students also benefi t from smaller class sizes (2006: 21.6 students in the East German states vs. 24.6 in the West German states).
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Varying endowment levels between East and West German states can also be found in the numbers of patent applications and high school graduates, which indicate different output effects. The number of patent applications is higher in the old West German states, which indicates a higher level of human capital quality. The employed variables approximate the human capital of large parts of the population by covering all age classes and multiple groups of persons, including those entering the employment market and those who are already working.
As in the case of patent applications, the East German states lag behind the old West German states concerning the percentage of higher education graduates. Since 2002 the gap has remained constant between the two regions. Even so, both regions benefi t from a ris- 
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The results do not support the assumption of unit roots, 22 and they indicate that the OLS estimator will deliver consistent results.
The optimal number of lags of the endogenous variables was determined to be one period by the Schwartz information criterion test. In view of economic considerations, this is an appropriate lag structure because infrastructures like roads will provide services shortly after their completion. In contrast, education infrastructure is used for more than one year before scholars enter the employment market and their human capital can be evaluated as an input factor for production. A time lag of 8-13 periods for the average school time would be ideal, but cannot be employed due to the present observation period.
VAR models enable the inclusion of exogenous variables as output predictors. In the following estimation, year dummies and a regional dummy were included as exogenous variables. As a means to form explanatory variables, interaction terms were used to examine whether the effects of infrastructures are signifi cantly different in East German states compared to the West German states.
Results
The results of the estimates only partially verify the hypothesis established above. Because the analysis was aimed at estimating the output effect of infrastructure variables, Table 1 only presents the results of the equation in which the logarithm of per capita GDP is the dependent variable. All other equations are omitted for reasons of simplifi cation and clarity.
The negative output effects of transport areas (over all states) and per capita capital stock are the most striking. The results indicate that an expansion of transport areas and capital stock by 1% will decrease per capita output by 4.7% in the long run. However, the transport area interaction term, multiplied by the regional dummy variable, shows that East German states still benefi t from positive output effects of transport infrastructures. The joint negative effect can be put down to the argument that expansions of transport infrastructures and of the capital stock are accompanied by a withdrawal of resources from more productive dispositions, leading to a long-term decline in output. The absence of positive effects from transport networks could also be explained by Germany's large infrastructure endowment, which is already suffi cient for the transport of goods and persons 22 For the logarithm of the per capita capital stock, the result was significant at the 10%-level only, using the Im-Pesaran-Shin test.
economy. This especially applies in the case of physical infrastructures, which need to be built and put in operation fi rst as a precondition for the appearance of output or productivity effects.
Both phenomena have to be taken into consideration in the estimated model. A solution to the problem of reverse causality is the estimation of simultaneous equations which explicitly express the relationships between the employed variables. The Linear Dynamic Vector Autoregression Model (VAR(p)-model) does just that. It focuses on dynamic processes in the formed economic system, which simulates the interaction among different macroeconomic values and the behaviour of the employed variables at the appearance of exogenous shocks. 19 All variables are incorporated in the model as endogenous values and lagged by p time periods, which means that all variables depend on one another.
VAR models are used to conceive interdependencies between different time series, but they can be used for the analysis of panel data as well, applying the mean group estimator developed by Pesaran and Smith. 20 Kireyev points out that the mean group estimation technique will not convey losses with the consistency of estimation results. 21 The functional expression of a Panel VAR model is:
(1) γi,t = A 1,1 γ1,t -1 = +… +A i,pγi,t -p +Bχ i,t +ε i,t where γi, t is the vector of all endogenous variables of state i and time period t. χ is a vector of potential exogenous explanatory variables, A 1,1 … A i,p and B present the estimation coeffi cients and ε is a vector of exogenous innovations which are correlated in t but which are neither correlated with their own lags nor with the explanatory variables.
Infrastructure capital. Moreover, it is tied up in unproductive dispositions but could produce positive output effects if reallocated.
Education infrastructure (school classes) has no significant impact on output. This could be explained by the inappropriate lag structure, which does not suffi ciently depict the long-term output effects of the education system. Both human capital variables indicate positive effects of the populations' mental abilities. A 1% increase in the number of patent applications or in the share of graduates causes a long-term increase in the output level of 3.4% and 5.6% respectively. It is a striking result that effects are lower for the East German states. A possible explanation is that human capital cannot be utilised completely, because adequate jobs and industries are missing in the East German states as a result of the previous controlled economic system. Graduates with qualifi cations for higher education entry require relatively long periods to fi nd suitable apprenticeship positions or must accept jobs with lower qualifi cation requirements than graduates in the West German states. Similarly, patents also seem to provide smaller output effects in the East, which might be associated with the fi rms' inability to fully utilise patents in their production. Moreover, diminished knowledge spillovers, due to the immobility of employees, may be assumed.
Public consumption has a clear negative effect on output, which is compatible with the results of recent literature.
Conclusion
The analysis of output effects of infrastructures reveals heterogeneous results. The output effect of transport infrastructures is negative for the entirety of federal states but positive for East German states as a result of an infrastructure gap. Education infrastructures have no signifi cant output effect but human capital raises output. Despite the low stock of human capital in the East German states, the impact on output is smaller there. The results of the analysis ratify the need for sophisticated infrastructure planning. The region-wide development of infrastructures, as proposed in the recent economic stimulus package, will not yield the expected growth and output effects.
A more detailed spatial analysis would be advisable because some regions have an obsolete infrastructure endowment. Inadequate data availability led to several constraints and underlines the need to enlarge the database at the federal state level. This would improve future estimations. and therefore induces merely small or even negative marginal returns on capital.
A critical view of the quality of the data set must be considered, however. Germany's transport area endowment suffers from insuffi cient modernisation, which leads to traffi c jams and obstructions. Potentially, an expansion of transport infrastructure might yield positive output effects here. However, the real capacity and modernity is not expressed by the variable. Due to the low modernity rate, the assumed over-endowment problem might not necessarily exist in reality. Unfortunately, controlling for the effi ciency of infrastructures through the use of particular modernity rates is not possible because corresponding data is not available. The conclusion is that the output results presented are not likely to be reliable. If it were possible to take the actual effi ciency of transport infrastructures into account, the output effect might change.
The impact of the per capita capital stock is negative as well, although to a lesser degree. The capital stock consists not only of productive but also of consumptive capital like residential buildings. Therefore, output effects are limited a priori. Classical economic theory reveals that capital is an important determinant of growth. It is supposed that capital is productive and has a positive but diminishing marginal return. Contrarily, the estimation results provide evidence of an over-endowment of 
